Cell cycle regulation of ribonucleoside diphosphate reductase activity in permeable mouse L cells and in extracts.
Ribonucleoside diphosphate reductase (EC1.17.4.1) was previously characterized in exponentially growing mouse L cells selectively permeabilized to small molecules by treatment with dextran sulfate (Kucera and Paulus, 1982b). This characterization has now been extended to cells in specific phases of the cell cycle and in transition between cell cycle phases, with activity studied both in situ (permeabilized cells) and in cell extracts. Cells at various stages in the cell cycle were obtained by unit-gravity sedimentation employing a commercially available reorienting chamber device, by G1 arrest induced by isoleucine limitation, and by metaphase arrest induced by Colcemid. G1 cells from both cycling and noncycling populations had negligible levels of ribonucleotide reductase activity as measured by CDP reduction both in situ and in extracts. When G1 arrested cells were allowed to progress to S phase, ribonucleotide reductase activity increased in parallel with [3H]thymidine incorporation into DNA. Ribonucleotide reductase activity in extracts increased at a somewhat greater rate than in situ activity. S phase ribonucleotide reductase activity measured in situ resembled the previously characterized activity in exponentially growing cells with respect to an absolute dependence on ATP or its analogs as positive allosteric effector, sensitivity to the negative allosteric effector dATP, and low susceptibility to stimulation by NADPH, dithiothreitol, and FeCl3. Disruption of permeabilized cells caused reductase activity to become highly dependent on the presence of both dithiothreitol and FeCl3. As synchronized cultures progressed from S into G2/M phase, no significant change in ribonucleotide reductase activity was seen. On the other hand, when cells that had been arrested in metaphase by Colcemid were allowed to resume cell cycle traversal by removing the drug, in situ ribonucleotide reductase activity decreased by 75% within 2.5 h. This decrease seemed to be a late mitotic event, since it was not correlated with the percentage of cells entering G1 phase. The cause of a subsequent slight increase of in situ ribonucleotide reductase activity is not clear. Parallel measurements of ribonucleotide reductase activity in cell extracts indicated also an initial decline accompanied by increasing dependence on added dithiols and FeCl3, followed by complete activity loss. Our results suggest a cell cycle pattern of ribonucleotide reductase activity that involves negligible levels in G1 phase, a progressive increase of activity upon entry into S phase paralleling overall DNA synthesis, continued retention of significant ribonucleotide reductase activity well into the metaphase period of mitosis, and a very rapid decline in activity during the later phases of mitosis. The periods of increase and decrease of ribonucleotide reductase activity were accompanied by modulation of the properties of the enzyme as indicated by differential changes in enzyme activity measured in situ and in extracts.